Treatment options for patients with clinically localised prostate cancer include radical prostatectomy and radiotherapy ([@bib2]; [@bib13]; [@bib17]). Treatment choice is affected in large part by patient and provider preference. It is important for patients to understand the frequencies and severities of the complications associated with each treatment modality in addition to their cancer control rates.

Although complications following treatment for prostate cancer typically focus on urinary incontinence and erectile dysfunction ([@bib16]), we recently demonstrated in a population-based cohort study of 32 465 men that treatment-related complications were more common among prostate cancer patients who underwent radiation treatment alone compared with those who had surgery alone ([@bib15]). Patients who underwent radiotherapy experienced higher rates of hospital admission, minimally invasive urologic procedures, rectal-anal procedures, open surgical procedures and secondary malignancies than those patients who underwent radical prostatectomy.

This study was limited only among men undergoing surgery or radiotherapy alone. Following radical prostatectomy, a proportion of men will undergo subsequent radiotherapy. This may be with adjuvant or salvage intent. It would be important to examine the complication rates of patients treated not only with surgery or radiotherapy alone but also those that received radiotherapy following surgery. We examined an additional 4519 men who underwent surgery followed by radiotherapy and compared their rates of complications in the previously defined five categories to men treated with either surgery or radiation monotherapy.

Materials and methods
=====================

Study population
----------------

The study design and subjects have previously been described by [@bib15]. In short, we conducted a population-based, retrospective cohort study of men aged 18 years and older who underwent treatment of clinically localised prostate cancer in Ontario, Canada between 2002 and 2009. Patients were included if they underwent radical prostatectomy with or without subsequent radiotherapy or primary radiotherapy. Patients undergoing salvage prostatectomy (surgery after radiotherapy) were excluded as were patients that underwent a laparoscopic or robotic prostatectomy as these technologies were not widely adopted in Ontario during the study interval.

In Ontario, all medical procedures are reimbursed through a single-payer, government-operated health insurance system (the Ontario Health Insurance Plan; OHIP). We used physician billing codes linked to prostate cancer diagnostic codes to identify patients undergoing radical prostatectomy and radiotherapy for prostate cancer. In order to exclude patients undergoing palliative radiotherapy, we exclude those with a diagnostic code for metastasis and those who died within 5 years of treatment.

We then linked these records with the Canadian Institute for Health Information (CIHI) hospital discharge database, the Ontario Cancer registry, and the Registered Persons database. The study protocol was approved by the Sunnybrook Health Sciences Centre Research Ethics Board.

Outcome measures
----------------

Five different outcome measures were used to assess treatment-related complications: (1) those requiring a hospital admission for management; (2) those requiring a minimally invasive urologic procedure; (3) those requiring a rectal or anal procedure; (4) those requiring an open surgical procedure related to the urinary tract, rectum, or anus; and (5) the development of a secondary malignancy at any cancer site. The definition of each category has been previously published ([@bib15]). Repeated procedures were not captured.

Data analysis
-------------

We conducted Kaplan--Meier survival analysis for each outcome in order to estimate their cumulative incidence. Because these complications are not mutually exclusive, each analysis was run separately. For the first four outcome measures, patients were considered at risk from the date of the completion of their therapy until an event, death, or the last date of follow-up. For those patients who underwent surgery followed by radiotherapy, they were considered at risk from the date of initial therapy. For the development of secondary malignancies, we considered patients at risk beginning 5 years from the date of treatment in order to allow for a 5-year lag time from the date of radiation exposure to the secondary cancer\'s development ([@bib4]).

We then estimated the hazard ratio (HR) for developing an event, adjusted for several identified covariates, using Cox proportional hazard modelling. Identified covariates included patient\'s age, comorbidity at the time of treatment, treatment year and the index treatment. Comorbidity was measured using the sum of aggregated disease groups (ADG) based on the Johns Hopkins University ACG Case-Mix System ([@bib8]).

For each outcome measure, we tested the proportional hazards assumption using the Schoenfeld residuals method. The Pearson correlation coefficients of Schoenfeld residuals of the treatment covariate and time, logarithm of time, and square root of time were calculated. If we recorded significant associations (*P*\<0.05) for all three correlation coefficients, the proportional hazards assumption was not met. In this case, we calculated the adjusted HRs at yearly intervals (years 1--5).

In order to account for baseline differences between the two groups that are not controlled by multivariate analysis, we undertook propensity-score matching. The propensity score was composed of age, ADG comorbidity score, and year of treatment. Matching was performed based on nearest-neighbour matching using a caliper width of 0.2 for the propensity score.

Results
=======

A total of 36 984 patients underwent treatment for clinically localised prostate cancer between 1 January 2002 and 31 December 2009. Of these, 15 870 (42.9%) underwent surgery alone, 4519 (12.2%) underwent surgery followed by radiation, and 16 595 (44.9%) underwent radiotherapy alone. Patients who underwent surgery initially were younger on average (median age 62, interquartile range 57--66) than those who received radiotherapy (median age 70, interquartile range 65--75). Similarly, the surgical group also had a lower level of comorbidity (mean ADG 5.20, s.d. 2.27) than their radiotherapy counterparts (mean ADG 5.68, s.d. 2.58).

From Kaplan--Meier survival analysis, urologic procedures were the most common complication with rates ranging from 30.0 to 42.4% depending on treatment modality ([Table 1](#tbl1){ref-type="table"}). The 5-year cumulative rates of complications for patients who had both surgery and radiation were intermediate between the respective rates for the surgery and radiation monotherapy groups ([Figure 1](#fig1){ref-type="fig"}), except for those requiring a urologic procedure where these patients experienced the highest rates ([Table 1](#tbl1){ref-type="table"}).

Cox proportional hazard modelling was performed by comparing all patients treated initially with surgery whether or not they received subsequent radiotherapy to those treated with radiotherapy alone in order to provide an intention to treat-style analysis. For hospital admissions, urologic procedures, and open surgical procedures, the comparison failed to meet the proportional hazard assumption, and time-dependent HRs were calculated based on a time-interaction factor. Age and comorbidity were, in general, positively associated with the risk of complications ([Table 2](#tbl2){ref-type="table"}). After adjusting for age and comorbidity, patients treated with radiotherapy alone had higher rates of complication across all categories ([Table 2](#tbl2){ref-type="table"}).

Because patients undergoing surgery initially were younger and had fewer comorbidities than those undergoing radiotherapy alone, we conducted propensity-score matching to examine the effect of their index treatment group for each outcome. A total of 9503 pairs were matched (19 006 patients) using nearest-neighbour matching and a caliper score of 0.2. In this case, only comparisons of hospital admissions and urologic procedures failed to meet the proportional hazard assumption, and time-dependent HRs were used. The HR for open surgical procedures and secondary malignancies fell to nonsignificant in this analysis; however, all other outcomes were in the same direction and similar magnitude, except for hospital admissions where the HR rose significantly favouring the surgical group ([Table 3](#tbl3){ref-type="table"}).

As radiotherapy techniques have changed significantly over time, we sought to analyse the outcomes of only those patients treated with the most modern techniques (denoted by OHIP billing code X313). Both multivariate analysis by Cox proportional hazard modelling and propensity-score analysis were undertaken. Propensity-score matched results are presented showing that the results were in the same direction and magnitude as the propensity-score matched analysis of the whole radiation cohort ([Table 4](#tbl4){ref-type="table"}).

A breakdown of the specific diagnoses and procedures in each complication category is detailed in [Table 5](#tbl5){ref-type="table"}.

Discussion
==========

We describe a large, population-based study of 36 984 patients undergoing radical prostatectomy with or without subsequent radiotherapy or radical radiotherapy alone. Patients receiving surgery followed by radiotherapy had an increased risk of treatment-related complications, as measured by our five end points, compared with the baseline group of surgery alone. Notably, except for minimally invasive urologic procedures, these patients had lower risks of complications compared with patients treated with radiotherapy alone.

Although [@bib15] described the rates of complications for men treated with either radical prostatectomy alone or radiotherapy alone, we know that many men following radical prostatectomy will require radiotherapy with either adjuvant or salvage intent. In the adjuvant setting, radiotherapy has been shown to decrease the risk of metastasis and prostate cancer-specific death ([@bib21]). For this reason, it is the standard of care for men at high risk for recurrence ([@bib7]). Furthermore, an estimated 25% of men who undergo radical prostatectomy for clinically localised prostate cancer will experience recurrence of their disease in the absence of further therapy ([@bib5]). This is initially manifested as a rising prostate-specific antigen (PSA) level without overt metastasis. Salvage radiotherapy is offered to these patients based on evidence that a proportion of them will achieve a durable response to salvage therapy ([@bib18]).

Therefore, in order to more accurately counsel patients as they make their initial treatment decision, this study offers a more complete analysis comparing men treated with the initial intent of surgery or radiotherapy, including both those who received radiotherapy following surgery and those who did not.

Patients who underwent radical prostatectomy followed by radiotherapy experienced complication rates between those of patients undergoing either surgery or radiotherapy monotherapy in all categories except for urologic procedures where they experienced higher complication rates than either other group. Although it might be expected that these patients would experience the highest burden of complications owing to receiving both modalities of therapy or to a more advanced disease state, which necessitated dual therapy, this was not observed. Instead, our data support the notion of a dose-effect response with patients receiving adjuvant or salvage radiotherapy likely to receive lower doses than those receiving treatment doses (60--64 Gy as compared with 70--78 Gy ([@bib7]; [@bib21]; [@bib13])). Thompson *et al* (2006), in a Phase 3 study evaluating the efficacy of adjuvant and salvage radiation, clearly showed high rates of urologic-related complications. Patients should be aware of the potential increased rates of urologic complications when considering surgery, as the need for adjuvant or salvage radiation is possible.

Patients with locally advanced prostate cancer from whom immediate adjuvant radiotherapy would be offered following radical prostatectomy who are instead treated with initial radiotherapy would be also treated with androgen-deprivation therapy for up to 3 years based on the results of EORTC 22863 ([@bib6]). There is an abundance of data demonstrating the deleritious effects of androgen-deprivation therapy, particularly when taken for longer than 12 months, including osteoporosis, metabolic syndrome, unfavourable body composition, sexual dysfunction, and reduced quality of life ([@bib3]; [@bib9]; [@bib12]; [@bib19]). Therefore, this analysis likely underestimates the burden of treatment-related complications for men treated with radiotherapy as their primary treatment modality.

In this study, we found that the analysis of patients undergoing radiotherapy using only modern radiotherapy techniques had similar rates of complications as the entire radiotherapy cohort. This result differs from the published literature -- Goenka *et al* (2011) found that the use of intensity-modulated radiation therapy (IMRT) decreased the rates of gastrointestinal and genitourinary toxicities compared with traditional radiotherapy. In addition to a larger sample size, our study included a more extensive definition of treatment-related complications than elsewhere in the literature, which may explain the discrepant findings.

This study is bolstered by the comprehensiveness of the data available in our single-payer health care system (OHIP). Furthermore, we have a large, population-based sample, which reflects real-world practice rather than single, centre-of-excellence care. Although the validity of these administrative data have not been verified with medical chart review, a number of studies have established the validity of using administrative data in Ontario (CIHI, Registered Persons, and physician billings) ([@bib1]; [@bib14]; [@bib22]; [@bib10]). We were, however, unable to examine the independent effects of adjuvant *vs* salvage radiotherapy in separate analyses as our population-level databases do not distinguish between them. Furthermore, owing to the administrative nature of our data, we lack information on tumour grade, stage, and preoperative PSA in order to provide an assessment of prostate cancer risk. In addition, we do not have access to details such as patient body mass index, prostate volume, radiotherapy field, and case volumes of the treating physicians, which may influence rates of complications. This may present potential confounding that we could not address by the use of propensity-score analysis. We were also unable to assess complications of robotic prostatectomy or IMRT.

Salvage or adjuvant radiation among prostate cancer patients treated with surgery increases the rates of the studied complications; however, complication rates still remain lower than patients treated with radiation alone.
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###### Cumulative incidence of each complication category based on Kaplan--Meier survival analysis of the risk of developing a complication, stratified by three treatment groups

                **Hospital admission**   **Urologic procedures**   **Rectal or anal procedures**   **Open surgeries**   **Secondary malignancy**
  ------------- ------------------------ ------------------------- ------------------------------- -------------------- --------------------------
  Surgery       17.5 (16.9--18.1)        34.2 (33.4--35.0)         7.2 (6.8--7.6)                  0.8 (0.6--0.9)       1.3 (1.0--1.7)
  Surgery+XRT   23.3 (22.0--24.7)        42.4 (40.9--44.0)         12.6 (11.5--13.7)               1.1 (0.8--1.5)       3.0 (2.2--4.1)
  XRT           27.0 (26.2--27.8)        30.0 (29.2--30.9)         20.4 (19.7--21.1)               1.1 (1.0--1.4)       3.7 (3.1--4.3)

Abbreviation: XRT=radiotherapy.

Data expressed in percentages (95% CI). Cumulative incidence is 5-year for all categories except for secondary malignancy, which is 8-year.

###### Multivariate analysis using Cox proportional hazard modelling to examine factors that predict the development of treatment-related complications stratified by those patients treated with surgery initially, regardless of subsequent radiotherapy and radiotherapy alone

                                                                                                              **Hospital admission**                                                                                                                                                                                   **Urologic procedures**                                                                                             **Rectal or anal procedures**                                                                                             **Open surgeries**                                                                                               **Secondary malignancy**
  ------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------
  Age                                                                                                     1.02 (1.01--1.02, *P*\<0.0001)                                                                                                                                                                            1.01 (1.01--1.01, *P*\<0.0001)                                                                                        0.998 (0.985--0.011, *P*=0.7723)                                                                                     0.997 (0.982--1.01, *P*=0.7322                                                                                      1.04 (1.02--1.06, *P*=0.0002)
  Comorbidity (ADG)                                                                                       1.08 (1.07--1.09, *P*\<0.0001)                                                                                                                                                                            1.07 (1.06--1.08, *P*\<0.0001)                                                                                         1.17 (1.12--1.21, *P*\<0.0001)                                                                                       1.06 (1.02--1.11, *P*=0.0043)                                                                                      1.01 (0.956--1.06, *P*=0.8246)
  **Treatment**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Surgery±XRT                                                                                                          1.00                                                                                                                                                                                                      1.00                                                                                                                   1.00                                                                                                                1.00                                                                                                                1.00
  XRT                  1 year: 0.857 (0.810--0.907, *P*\<0.0001) 2 year: 1.31 (1.24--1.39, *P*\<0.0001) 3 year: 2.01 (1.87--2.15, *P*\<0.0001) 4 year: 3.07 (2.79--3.38, *P*\<0.0001) 5 year: 4.69 (4.14--5.32, *P*\<0.0001)   1 year: 0.489 (0.467--0.513, *P*\<0.0001) 2 year: 0.716 (0.684--0.749, *P*\<0.0001) 3 year: 1.05 (0.991--1.10, *P*=0.0999) 4 year: 1.31 (1.43--1.64, *P*\<0.0001) 5 year: 2.24 (2.05--2.45, *P*\<0.0001)    2.09 (1.95--2.24, *P*\<0.0001)    1 year: 1.06 (0.806--1.40, *P*=0.6623) 2 year: 1.37 (1.07--1.7548, *P*=0.0132) 3 year: 1.76 (1.34--2.32, *P*\<0.0001) 4 year: 2.27 (1.60--3.21, *P*\<0.0001) 5 year: 2.92 (1.88--4.53, *P*\<0.0001)   1.60 (1.20--2.13, *P*=0.0015)

Abbreviations: ADG=Aggregated Diagnosis Groups; XRT=radiotherapy.

Data presented as hazard ratios (95% CI, *P*-value).

###### Multivariate analysis using Cox proportional hazard modelling of a propensity-score matched sample to examine factors that predict the development of treatment-related complications stratified by those patients treated with surgery initially, regardless of subsequent radiotherapy and radiotherapy alone

                                                                                                            **Hospital admission**                                                                                                                                                                                     **Urologic procedures**                                                                                            **Rectal or anal procedures**          **Open surgeries**            **Secondary malignancy**
  --------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------- -------------------------------- --------------------------------
  Age                                                                                                   0.990 (0.964--1.02, *P*=0.4454)                                                                                                                                                                            0.997 (0.974--1.02, *P*=0.8021)                                                                                        1.02 (0.985--1.05, *P*=0.2863)   1.02 (0.911--1.15, *P*=0.7146)   1.24 (0.972--1.57, *P*=0.0836)
  **Treatment**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  Surgery±XRT                                                                                                        1.00                                                                                                                                                                                                        1.00                                                                                                                  1.00                             1.00                             1.00
  XRT              1 year: 0.830 (0.768--0.896, *P*\<0.0001) 2 year: 1.87 (1.68--2.07, *P*\<0.0001) 3 year: 4.20 (3.54--4.99, *P*\<0.0001) 4 year: 9.46 (7.38--12.12, *P*\<0.0001) 5 year: 21.28 (15.33--29.54, *P*\<0.0001)   1 year: 0.465 (0.435--0.496, *P*\<0.0001) 2 year: 0.793 (0.733--0.857, *P*\<0.0001) 3 year: 1.35 (1.21--1.52, *P*\<0.0001) 4 year: 2.31 (1.97--2.71, *P*\<0.0001) 5 year: 3.94 (3.19--4.85, *P*\<0.0001)   2.19 (1.99--2.42, *P*\<0.0001)   1.17 (0.849--1.62, *P*=0.3356)   1.54 (0.822--2.87, *P*=0.1781)

Abbreviation: XRT=radiotherapy.

Data presented as hazard ratios (95% CI, *P*-value).

###### Multivariate analysis using Cox proportional hazard modelling of a propensity-score matched sample based on a restricted comparison of patients who had only 3D-types of radiation in order to examine factors that predict the development of treatment-related complications stratified by those patients treated with surgery initially, regardless of subsequent radiotherapy and radiotherapy alone

                                                                                                             **Hospital admission**                                                                                                                                                                                     **Urologic procedures**                                                                                            **Rectal or anal procedures**          **Open surgeries**            **Secondary malignancy**
  --------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------- -------------------------------- --------------------------------
  Age                                                                                                    1.00 (0.971--1.03, *P*=0.9167)                                                                                                                                                                              1.00 (0.975--1.03, *P*=0.8624)                                                                                        1.01 (0.966--1.05, *P*=0.8177)   1.02 (0.889--1.17, *P*=0.7913)   1.23 (0.939--1.60, *P*=0.135)
  **Treatment**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  Surgery±XRT                                                                                                         1.00                                                                                                                                                                                                        1.00                                                                                                                  1.00                             1.00                             1.00
  XRT              1 year: 0.816 (0.745--0.893, *P*\<0.0001) 2 year: 1.94 (1.71--2.19, *P*\<0.0001) 3 year: 4.60 (3.73--5.66, *P*\<0.0001) 4 year: 10.92 (8.07--14.78, *P*\<0.0001) 5 year: 25.93 (17.38--38.68, *P*\<0.0001)   1 year: 0.437 (0.404--0.472, *P*\<0.0001) 2 year: 0.789 (0.719--0.866, *P*\<0.0001) 3 year: 1.43 (1.24--1.64, *P*\<0.0001) 4 year: 2.57 (2.12--3.13, *P*\<0.0001) 5 year: 4.65 (3.60--6.01, *P*\<0.0001)   2.36 (2.10--2.65, *P*\<0.0001)   1.12 (0.765--1.63, *P*=0.5674)   1.44 (0.705--2.95, *P*=0.3158)

Abbreviation: XRT=radiotherapy.

Data presented as hazard ratios (95% CI, *P*-value).

###### Specific breakdown of procedures and diagnoses used to define complication categories

                                               **Surgery alone (*****n*****=15 870)**    **Surgery+radiotherapy (*****n*****=4519)**  **Radiotherapy alone (*****n*****=16 595)**                                                   
  -------------------------------------------- ---------------------------------------- --------------------------------------------- --------------------------------------------- ---------------------------------------- ------ ------------
  **Minimally invasive urologic procedures**                                                                                                                                                                                        
  Cystoscopy                                   3107                                                      66.42/1000                   1243                                                        102.87/1000                2852   58.33/1000
  Catheterisation                              1187                                                      25.37/1000                   346                                                          28.63/1000                718    14.68/1000
  Urethral dilatation or incision              1003                                                      21.44/1000                   354                                                          29.30/1000                291    5.95/1000
  Calculi or clot removal                      71                                                         1.52/1000                   30                                                           2.49/1000                 70     1.43/1000
  Prostate biopsy                              0                                                              0                       0                                                                0                     655    13.40/1000
  **Admission to hospital**                                                                                                                                                                                                         
  Gastrointestinal or genitourinary fistula    30                                                         0.50/1000                   \<6[a](#t5-fn2){ref-type="fn"}                 \<0.34/1000[a](#t5-fn2){ref-type="fn"}  12     0.23/1000
  Genitourinary bleeding                       165                                                        2.76/1000                   161                                                          9.20/1000                 587    11.27/1000
  Gastrointestinal bleeding                    0                                                              0                       0                                                                0                     523    10.04/1000
  Renal failure                                28                                                         0.47/1000                   11                                                           0.63/1000                 96     1.84/1000
  Infection                                    370                                                        6.20/1000                   144                                                          8.23/1000                 435    8.35/1000
  Urinary obstruction                          2017                                                      33.78/1000                   239                                                          13.66/1000                531    10.20/1000
  Radiation proctitis                          0                                                              0                       0                                                                0                     1656   31.80/1000
  Radiation cystitis                           0                                                              0                       0                                                                0                     160    3.07/1000
  Bladder stone                                139                                                        2.33/1000                   0                                                                0                     0      0
  **Rectal-anal procedures**                                                                                                                                                                                                        
  Excision of hemorrhoids                      130                                                        1.93/1000                   68                                                           3.51/1000                 214    3.73/1000
  Fulguration of bleeding                      72                                                         1.07/1000                   97                                                           2.01/1000                 761    13.26/1000
  Dilatation of anal sphincter                 \<6[a](#t5-fn2){ref-type="fn"}              \<0.09/1000[a](#t5-fn2){ref-type="fn"}     \<6[a](#t5-fn2){ref-type="fn"}                 \<0.32/1000[a](#t5-fn2){ref-type="fn"}  8      0.14/1000
  Lower GI endoscopy                           927                                                       13.75/1000                   420                                                          21.67/1000                1954   34.05/1000
  **Secondary malignancy**                                                                                                                                                                                                          
  Overall                                      60                                                         1.15/1000                   45                                                           2.70/1000                 159    3.25/1000
  **Open surgical procedures**                                                                                                                                                                                                      
  Bladder neck repair                          35                                                         0.48/1000                   0                                                                0                     0      0
  Cystotomy                                    23                                                         0.31/1000                   14                                                           0.62/1000                 124    1.74/1000
  Fistula repair                               46                                                         0.63/1000                   15                                                           0.67/1000                 39     0.55/1000
  Lymphocele drainage                          \<6[a](#t5-fn2){ref-type="fn"}              \<0.06/1000[a](#t5-fn2){ref-type="fn"}     0                                                                0                     0      0
  Ureteric reimplantation                      10                                                         0.14/1000                   0                                                                0                     0      0
  Cystectomy                                   0                                                              0                       0                                                                0                     12     0.17/1000

Abbreviation: GI=gastrointestinal.

True counts and rates suppressed for privacy reasons.
